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Abstract 


Frequency  measured  by  the  3/4-inch  loop  technique  was  com- 
pared to  estimates  of  plant  basal  cover,  foliar  cover,  herbage  pro- 
duction, and  density.  The  relationship  between  loop-frequency  and 
the  other  parameters  were  rarely  significant  or  consistent  as 
determined  by  regression  and  correlation.  Loop-frequency  un- 
predictably overrated  foliar  and  basal  plant  cover  on  the  basis  of 
ratio  estimates,  a  relative  measure  of  bias.  Therefore,  frequency 
estimated  by  the  3/4-inch  loop  technique  can  be  equated  only  to 
itself  and  not  used  to  make  inferences  about  other  plant  commu- 
nity parameters. 

Keywords:  Loop-frequency,  plant  basal  cover,  plant  foliar  cover, 
herbage  production,  plant  density,  bias  (ratio 
estimates). 
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^  Loop  Frequency  as  Related  to  Plant  Cover, 

Herbage  Production,  and  Plant  Density^  t&^fft1 


Rtehafd  E.  Francis,  Riehaffh  S.  Driscoll,  and  Jack  N.  Reppert 


Three-quarter-inch  loop-frequency  is  a  vege- 
tation measurement  technique  which  has  been 
used  to  determine  change  in  vegetation  or 
analyze  plant  communities.  It  is  an  integral 
part  of  the  3-step  procedure  developed  by  Parker 
(1951),  and  was  basically  designed  to  detect 
change  in  range  condition.  Loop-frequency 
estimates  presence  or  absence  of  plant  species 
on  a  series  of  small  plots. 

Reports  have  been  published  discussing 
relationships  between  plant  frequency  estimated 
by  the  3/4-inch  loop  and  other  methods  for 
analyzing  vegetation.  Kinsinger  et  al.  (1960) 
compared  the  loop  method  against  line  inter- 
cept and  variable  plots  to  estimate  shrub  crown 
cover.  They  reported  that  the  loop  method  esti- 
mated cover  significantly  higher  than  "true 
cover"  or  line  intercept.  Johnston  (1957)  stated 
that,  "The  loop  method  was  the  most  rapid  in 
the  field,  detected  least  species,  and  gave  the 
most  variable  data,"  when  compared  to  the  line 
intercept  and  vertical  point  quadrat  methods  for 
measuring  grassland  vegetation.  However,  loop- 
frequency  has  often  been  interpreted  as  an  index 
to  other  community  characteristics  such  as 
plant  cover  or  density. 

The  objectives  of  this  study  were  to  deter- 
mine the  relationships  between  loop-frequency 
as  a  plant  community  measurement  and  (1) 
plant  cover  measured  by  line  intercept  (basal), 
point  quadrat  (basal),  and  ocular  estimate 
(foliar),  (2)  herbage  production,  and  (3)  density 
(numbers  per  unit  area).  If  loop-frequency 
was  dependably  related  to  these  other  attri- 
butes, it  could  be  used  as  an  index  to  those 
attributes  measured  and  provide  additional  in- 
formation about  plant  community  structure  and 
change. 


Literature 

Loop-frequency  has  been  obtained  by  re- 
cording perennial  plant  species  rooted  within 
3/4-inch  circular  plots  systematically  located 
along  100-foot  transects.  When  no  plant  base 
occurred  within  the  loop,  plant  litter,  rock, 
bare  soil,  or  moss  was  recorded  depending  on 


which  one  of  the  items  occupied  50  percent  or 
more  of  the  loop  area  (Parker  1951). 

Tests  of  the  loop-frequency  technique  have 
been  reported  by  several  researchers  (Sharp 
1954,  Johnston  1957,  Hutchings  and  Holmgren 
1959,  Parker  and  Harris  1959,  Strickler  1961, 
Reppert  and  Francis 2  ).  The  estimates  of 
plant  or  soil  factors  within  a  3/4-inch  diameter 
loop  has  been  referred  to  as  a  cover  or  density 
index  (Parker  1951).  In  reality,  it  should  be 
interpreted  only  as  loop-frequency  (Hutchings 
and  Holmgren  1959)  or  simply  frequency  (Hyder 
et  al.  1963). 

Plant  frequency  depends  on  density  (number 
per  unit  area)  and  pattern  (distribution  of  plants) 
(Greig-Smith  1964).  Consequently,  these  de- 
pendencies require  consideration  of  various 
quadrat  sizes  to  obtain  satisfactory  species  or 
plant  group  frequency  data  (Hyder  et  al.  1965). 
Curtis  and  Mcintosh  (1950)  and  Aberdeen  (1958) 
further  emphasized  that  quadrat-frequency  data 
were  difficult  to  interpret  as  plant  cover  because 
of  the  density/dispersion  dependency.  In  addi- 
tion, Hutchings  and  Holmgren  (1959)  pointed 
out  that  loop-frequency  depends  upon  plant 
shape  and  size,  which  also  affects  cover. 

A  positive  bias  between  loop-frequency  and 
basal  or  foliar  cover  has  been  reported  (Parker 
1950,  Johnston  1957,  Hutchings  and  Holmgren 
1959,  Kinsinger  et  al.  1960).  Bias  is  defined 
as  the  ratio  of  loop-frequency  to  cover  (Hutch- 
ings and  Holmgren  1959)  and  approaches  unity 
when  loop-frequency  and  cover  are  nearly  the 
same.  Frequency/cover  ratios  were  as  high  as 
15.0  for  small  plants,  but  approached  1.0  for 
larger  plants  such  as  shrubs  with  large  crowns. 
These  results  were  similar  to  those  of  Parker 
and  Harris  (1959)  who  showed  a  bias  of  0.97 
for  big  and  silver  sagebrush3  in  California 
and  7.5  for  grasses  in  Arizona. 

Reppert,  Jack  N.,  and  Richard  E.  Francis.  Inter- 
pretation of  trend  in  range  condition  from  3-step  data. 
(Manuscript  in  preparation  at  Rocky  Mt.  Forest  and 
Range  Exp.  Stn.,  Fort  Collins,  Colo.) 

3 

Common  and  botanical  names  of  plants  mentioned 
are  listed  inside  the  back  cover. 
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Smith  (1962)  felt  that  changes  in  loop- 
frequency  might  serve  as  a  reliable  index  to 
changes  in  cover  provided  plant  sizes  and  bias 
remained  fairly  constant.  Parker  and  Harris 
(1959)  cautioned  against  using  loop-frequency 
as  a  plant  cover  index  when  plant  diameters 
were  smaller  than  1  to  2  inches,  and  where 
it  cannot  be  assumed  that  the  plant-size  dis- 
tribution remains  unchanged  over  time. 


Methods 

Study  Areas 

Four  areas  were  selected  to  represent  a 
variety  of  plant  communities.  The  Wild  Bill 
Cattle  Allotment  is  in  the  ponderosa  pine- 
bunchgrass  type  on  the  Coconino  National 
Forest,  northwest  of  Flagstaff,  Arizona,  at  7,600 
feet  (Pearson  and  Jameson  1967).  The  Manitou 
Experimental  Forest,  also  a  pine-bunchgrass 
type,  is  located  northwest  of  Colorado  Springs, 
Colorado  in  the  Pike  National  Forest  at  7,700 
feet.  Manitou  differed  from  Wild  Bill  in  that 
ponderosa  pine  occurred  in  open-to-dense  stands 
interspersed  with  untimbered  parks  (Smith 
1967).  The  specific  study  site  at  Manitou  was 
located  in  one  of  these  parks.  The  Harvey 
Valley  Allotment,  northwest  of  Susanville,  Cali- 
fornia in  the  Lassen  National  Forest,  is  at 
5,600  feet  (Ratliff  et  al.  4  ).  Three  community 
types  were  selected  at  Harvey  Valley:  meadow, 
open  grassland,  and  ponderosa  pine-bunchgrass. 
The  Carter  Mountain-Meeteetse  Creek  Allot- 
ments are  on  the  Shoshone  National  Forest 
south  of  Cody,  Wyoming  in  an  alpine  type  on 
an  11,000-foot  volcanic  plateau  (Strasia  et  al. 
1970). 

Vegetation  Measurements 

Loop-frequency.— Loop-frequency  was  ob- 
tained according  to  standard  procedures  for  the 
3-step  technique.  In  some  cases  transect  length 
and  numbers  per  location  differed.  At  all  loca- 
tions, loop-frequency  was  obtained  from  the 
same  transects  from  which  other  measurements 
were  made. 

Basal  cover.— Plant  basal  cover,  estimated 
by  line  intercept  (Canfield  1942),  was  obtained 
at  Manitou  for  comparison  with  loop-frequency. 
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Ratliff,  Raymond  D.,  Jack  N.  Reppert,  and  R.  J. 
McConnen.  Rest-rotation  grazing  at  Harvey  Valley  —  range 
health,  cattle  gains,  and  economics .  (Manuscript  inprepar- 
ation  at  Pac.  Southwest  Forest  and  Range  Exp.  Stn., 
Berkeley,  Calif.) 


In  1967,  one  hundred  20-foot  transects  were 
measured.  Sample  size  was  reduced  to  20 
transects  in  1968.  These  same  transects  were 
measured  twice  in  1969,  June  and  August,  to 
evaluate  the  relationship  of  the  two  techniques 
to  detect  plant  community  seasonality.  The 
transect  was  the  unit  of  comparison  between 
the  two  techniques. 

The  vertical  point  quadrat  method  for  meas- 
uring plant  basal  cover  (Levy  and  Madden 
1933)  was  used  at  four  plot  locations  in  each 
of  the  three  vegetation  types  at  the  Harvey 
Valley  area  for  comparisons  with  loop-frequency. 
Thirty  transects  100  feet  long  were  established 
at  each  location.  A  3-point  vertical  frame, 
oriented  perpendicular  to  the  transect  line, 
was  systematically  placed  at  34  loci  along  each 
transect.  The  same  transects  were  used  to 
obtain  loop-frequency  data.  In  all  cases,  the 
transect  was  the  sample  unit. 

Foliar  cover.— Ocular  estimates  of  foliar 
cover  (Brown  1954)  and  loop-frequency  were 
obtained  on  the  Carter  Mountain-Meeteetse 
Creek  Allotments.  Two  3-transect  clusters,  each 
transect  100  feet  long,  were  randomly  located 
within  uniform  sites  at  each  of  three  exclosure 
locations,  one  cluster  inside  and  one  outside 
each  exclosure.  Cover  was  estimated  by  10  per- 
cent classes  on  ten  4-  by  8-inch  plots  system- 
atically placed  along  each  transect. 

Production.— Within  each  of  seven  range 
units  at  Wild  Bill,  fifteen  100-foot  permanent 
transects  were  established.  Estimates  of  herbage 
production  were  obtained  from  three  clipped 
plots  systematically  located  along  each  transect. 
These  plots  represented  one  of  a  pair  used  for 
obtaining  production-utilization  by  the  paired- 
plot  method  (Klingman  et  al.  1943).'  The  same 
transects  were  used  to  obtain  loop-frequency 
data  to  provide  comparisons  between  the  two 
measurements.  Four  years  of  information, 
1965-68,  were  obtained. 

Density.— Species  density  (Oosting  1956)  was 
obtained  at  Manitou  using  a  1-  by  20-foot  plot 
frame  along  the  same  transects  used  for  basal 
cover  and  loop-frequency. 

These  measurement  techniques,  excluding 
loop-frequency,  have  been  widely  used  and 
tested.  They  provide  reliable  estimates,  with 
limited  bias,  of  the  plant  community  character- 
istics they  were  designed  to  measure  (Brown 
1954,  NAS-NRC  1962,  Hutchings  and  Pase  1963). 

Analysis 

Linear  regression  and  correlation  were  used 
to  determine  the  relationship  between  loop- 
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frequency  (the  independent  variable)  and  esti- 
mates of  basal  cover,  foliar  cover,  production, 
and  plant  density.  For  each  comparison,  data 
from  a  transect  represented  an  observation  for 
regression. 

Items  chosen  for  analyses  were  as  follows: 

1.  Loop-frequency  versus  percent  basal  cover 
(line  intercept)  for  total  plants  and  six 
species  (Arizona  fescue,  blue  grama,  moun- 
tain muhly,  trailing  fleabane,  pussytoes,  and 
fringed  sagebrush)  by  measurement  date. 

2.  Loop-frequency  versus  percent  basal  cover 
(point  quadrat)  by  vegetation  type  for  total 
plants,  tnree  vegetation  groups  (grasses, 
forbs,  and  grasslikes),  soil,  and  litter. 

3.  Loop-frequency  versus  percent  foliar  cover 
for  total  plants,  two  species  (whiproot  clover 
and  alpine  avens),  and  three  vegetation 
groups  (grasses,  forbs,  grasslikes)  inside  all 
exclosures,  outside  all  exclosures,  and  all 
exclosure  sites  combined. 

4.  Loop-frequency  versus  production  for  total 
plants  and  eight  species  (crested  wheatgrass, 
intermediate  wheatgrass,  mountain  muhly, 
Arizona  fescue,  bottlebrush  squirreltail,  flea- 
bane,  sedge,  and  Fendler  ceanothus)  by  range 
unit  for  each  year  and  all  years  combined. 

5.  Loop-frequency  versus  density  for  six  species 
(same  species  as  1  above)  by  measurement 
date. 

Only  correlation  coefficients  of  0.75  or 
greater  at  the  5  percent  level  of  significance 
were  retained.    A  coefficient  of  0.75  accounts 


for  about  50  percent  of  the  variation  in  the 
dependent  variable  (Y).  This  constraint  was 
chosen,  therefore,  as  being  statistically  as  well 
as  biologically  important. 

Ninety-five  percent  confidence  intervals  for 
the  true  mean  value  of  Y  (Y)  for  a  given  X 
and  the  slope  of  regression  line  ( )  were 
determined  when  a  consistently  significant  re- 
lationship occurred  for  a  particular  species, 
plant  group,  or  soil  surface  characteristic.  A 
consistently  significant  relationship  is  defined 
as  100  percent  of  the  correlation  coefficients 
for  a  particular  test  item  having  significant 
(P  =  0.05)  r  values  of  0.75  or  greater  over 
time. 

Bias  was  calculated  using  loop-frequency 
data  and  estimates  of  basal  and  foliar  cover 
for  vegetation  classes,  primary  plant  species, 
and  total  plant  species.  Bias  for  soil  and 
litter  was  calculated  from  data  obtained  by 
point  quadrat.  Bias  was  not  calculated  for 
either  production  or  density  because  these  two 
measurements,  not  being  percentages,  have  no 
absolute  limit  as  does  loop-frequency  or  cover. 


Results  and  Discussion 

A  total  of  608  linear  regressions  were  made 
comparing  loop-frequency  against  four  other 
plant  community  characteristics.  Only  122  of 
the  total  correlation  coefficients  were  statistical- 
ly significant  at  P  =  0.05  and  r  >  0.75  (table  1). 


Table  1 . --S i gn i f i can t  correlation  coefficients  obtained  comparing  3/^"inch  loop-frequency  to  other 

vegetation  measurements 


Vegetat  ion 
type 

Comparat  i  ve 
pa  rameters 

Total 
tes  ts 

No .  s  i  gn  i 
with  r  > 
(P=.05) 

f  i  cant 
.  0.75 
(P=.01) 

Ponderosa  p i ne-bunchgrass 
(Man  i  tou) 

Frequency  vs.   basal  cover 
( 1 i  ne  i  ntercept) 

252 

81 

kk 

Meadow 

(Harvey  Va 1 1 ey) 

Frequency  vs. 
(pt.  quadrat) 

basal  cover 

2k 

0 

0 

Open-grass  land 
(Harvey  Val ley) 

Frequency  vs. 
(pt.  quadrat) 

basal  cover 

2k 

0 

0 

Ponderosa  p i ne-bunchgrass 
(Harvey  Val ley) 

Frequency  vs. 
(pt.  quadrat) 

basal  cover 

22 

0 

0 

Alpine 

(Carter  Mtn. ) 

Frequency  vs. 

f o 1 i ar  cover 

15 

0 

0 

Ponderosa  p i ne-bunchgrass 
(Wild  Bill) 

Frequency  vs. 

herbage  production 

175 

15 

13 

Ponderosa  p i ne-bunchgrass 
(Man  i  tou) 

Frequency  vs. 

dens  i  ty 

96 

26 

18 

TOTAL 

608 

122 

75 
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1967:  Y=-0.50+.5165X;  95%  CI(Y)=  9.0630+8.5794;  r=.75** 

1968:  Y=  0.52+.4040X;  95%  CI(Y)=  8.9400+5.8769:  r±.86** 

6/1969:  Y=-3.76+.6475X;  95%  CI(Y)=11.  4700+6.  9093;  r=.93** 

8/1969:  I=-1.81+.5821X;  95%  CI(Y)=10. 0600+9. 5410;  r=.82** 


Figure  1 . —Loop- frequency  (X) 
versus  basal  cover  (Y)  meas- 
ured by  line  intercept  for 
blue  grama;  four  measurement 
periods — Manitou.  (CI  for  3 
not  shown) 
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Basal  Cover  versus  Loop-Frequency ...  Manitou 

Loop-frequency  was  tested  against  basal 
cover  measured  with  line  intercept  by  252  linear 
regressions.  Eighty-one  significant  correlation 
coefficients  were  identified  (table  1).  Only 
eight  of  these  had  a  consistently  significant 
relationship  for  two  species  over  the  four  meas- 
urement periods;  blue  grama  (fig.  1)  and  moun- 
tain muhly  (fig.  2).  However,  the  wide  con- 
fidence intervals  indicated  doubtful  reliability 
of  the  relationships.  The  remainder  of  the 
significant  correlations  were  scattered  among 
the  other  species  and  measurement  periods. 

Estimates  of  relative  bias  between  loop- 
frequency  and  basal  cover  were  calculated  for 
six  species  and  vegetation  groups.  The  mean 
bias  for  all  plants  ranged  from  2.3  to  2.4  for 
the  four  measurement  periods  (table  2).  The 
largest  range  in  bias  was  obtained  for  trailing 
fleabane  (12.5  to  28.0)  and  the  sedge  species 
(2.4  to  20.0).  The  most  consistent  bias  esti- 
mates for  a  vegetation  group  and  individual 
species  were  obtained  for  all  grasses  (1.8  to 
2.1)  and  especially  for  blue  grama  within  that 
group. 


1967: 
1968: 
6/1969: 
8/1969: 


In  general,  bias  estimates  were  highly  er- 
ratic except  for  those  species  previously  men- 
tioned. The  wide  confidence  bands,  even  with 
high  correlation  coefficients,  places  doubt  about 
an  acceptable  relationship  between  the  two 
methods  (figs.  1,  2). 


20  r 


Loop  -  Frequency  (percent) 


Figure  2. — Loop-frequency  (X)  versus  basal 
cover  (Y)  measured  by  line  intercept  for 
mountain  muhly;  four  measurement  periods 
— Manitou.     (CI  for  §  not  shown) 

Y=.32+.4097X;  95%  CI(Y_)=2.  8450+2.  4601;  r=.80** 

Y=.47+.5177X;  95%  CI (Y)=4.  0600+3 .  2794;  r=.89** 

Y=.32+.6067X;  95%  CI(Y)=4. 7300+4. 7982;  r=.83** 

Y=.67+.3811X;  95%  CI (Y)=3.  9550+4.  3446;  r=.76** 
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Basal  Cover  versus  Loop-Frequency  .  .  . 
Harvey  Valley 

Seventy  linear  regressions  with  related  cor- 
relation coefficients  were  made  to  relate  loop- 
frequency  and  basal  cover  measured  by  point 
quadrat  in  three  vegetation  types  (table  1). 
None  of  the  correlation  coefficients  were  sig- 
nificant with  the  constraints  previously  defined. 
Thus,  there  was  not  an  acceptable  relationship 
between  the  two  measurement  techniques  for 
the  three  vegetation  types. 

The  relationships  between  basal  cover 
measured  by  point  quadrat  and  loop-frequency 
were  similar  to  those  identified  comparing  basal 
cover  measured  by  line  intercept  and  frequency. 
In  all  cases,  loop-frequency  provided  a  positive 
bias  for  all  vegetation  combinations  (table  3). 
Generally,  it  was  much  higher  with  meadow- 
type  vegetation  than  the  other  two  types.  Here 
the  plants,  except  one  of  the  grasses,  were 
small  in  basal  area,  resulting  in  an  excessively 
high  overrating  by  the  loop-frequency  tech- 
nique. 

The  bias  relationship  for  the  soil  category 
in  the  open  grassland  and  the  litter  category  in 
the  pine-bunchgrass  were  near  unity,  indicating 
that  both  methods  were  providing  similar  esti- 
mates of  these  items  in  the  community  (table 
3).  However,  the  extreme  variation  in  bias  ratios 
among  species  and  vegetation  classes  between 
the  point  quadrat  and  loop-frequency  sampling 
techniques  within  and  among  the  three  vegeta- 
tion types  indicates  that  the  relationship 
between  the  two  techniques  is  of  limited  value. 


Foliar  Cover  versus  Loop-Frequency  .  .  . 
Carter  Mountain 

To  test  the  relationship  between  loop- 
frequency  and  foliar  cover,  15  linear  regressions 
with  related  correlation  coefficients  were  made 
for  combinations  of  exclosure  sites  and  species. 
None  of  the  correlation  coefficients  were  signi- 
ficant with  the  constraints  previously  defined. 
Thus,  there  is  no  apparent  acceptable  relation- 
ship between  the  two  measurement  techniques 
in  alpine  vegetation. 

The  bias  between  loop-frequency  and  foliar 
cover  ranged  from  0.5  for  alpine  avens  to  6.0 
for  Junegrass  (table  4).  For  individual  plant 
classes,  the  bias  ratio  was  2.9,  3.0,  and  1.6  for 
grasses,  grasslikes,  and  forbs,  respectively.  Due 
to  the  wide  range  in  bias  within  the  same 
group  of  species,  loop-frequency  could  not  be 
converted  to  foliar  cover  by  a  mean  bias 
estimate. 

Loop-frequency  can  be  expected  to  be  only 
haphazardly  related  to  foliar  cover.  The  loop 
is  measuring  presence  or  absence  of  vegetation 
at  the  ground  surface  without  regard  to  above- 
ground  configuration.  Theoretically  there 
should  be  no  change  in  loop-frequency  pro- 
vided seasonality  does  not  alter  plant  com- 
munity structure  or  composition  (Greig-Smith 
1964)/ 

Foliar  cover  is  an  estimate  of  aboveground 
leafage  and  will  vary  with  seasons  from  year 
to  year,  depending  on  growing  conditions  and 
animal  grazing.  If  the  area  were  sampled  when 
the  vegetation  had  attained  its  maximum 


Table  2. --Magnitude  and  variability  of  mean  frequency,  cover,  and  bias  between  3/4-inch 

loop-frequency  and  basal  cover  by  line  intercept  in  a  ponderosa  pine-bunchgrass  type--Manitou 


June  1967  August  1968  June  1969  August  1969 


Species 

Freq. 

Cover 

Bias 

Freq. 

Cover 

Bias 

Freq. 

Cover 

Bias 

Freq. 

Cover 

Bias 

Percent 

Percent 

Percent 

Percent 

All  grasses: 

26.3 

12.5 

2.1 

29.5 

14.8 

1.9 

32.6 

17.2 

1.8 

31.4 

15.1 

2.1 

Blue  grama 

18.5 

9.1 

2.0 

20.8 

9.5 

2.2 

23.5 

11.4 

2.0 

20.4 

10.0 

2.0 

Arizona  fescue 

0.3 

0.1 

3.0 

1.0 

0.6 

1.6 

1 .1 

0.5 

2.2 

0.8 

0.5 

1.6 

Mountain  muhly 

6.1 

2.8 

2.2 

6.9 

4.0 

1.7 

7.2 

4.9 

1.4 

8.6 

3.9 

2.2 

Grasslikes  (sedge): 

0.4 

0.1 

4.0 

1.2 

0.5 

2.4 

2.0 

0.1 

20.0 

1.8 

0.3 

6.0 

All  forbs: 

20.2 

6.4 

3.2 

14.9 

3.6 

4.1 

16.7 

4.4 

3.8 

14.0 

4.8 

2.9 

Pussytoes 

10.5 

4.9 

2.1 

5.0 

2.4 

2.0 

8.1 

3.4 

2.4 

8.4 

4.2 

2.0 

Trailing  fleabane 

4.2 

0.3 

14.0 

5.4 

0.4 

13.5 

2.5 

0.2 

12.5 

2.8 

0.1 

28.0 

Fringed  sagebrush 

2.3 

0.4 

5.8 

2.1 

0.4 

5.2 

1.9 

0.6 

3.2 

1.6 

0.4 

4.0 

All  plants: 

46.9 

19.0 

2.4 

45.6 

18.9 

2.4 

51.3 

21.7 

2.4 

47.2 

20.2 

2.3 
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Table  3.— Magnitude  and  variability  of  mean  frequency,  cover,  and  bias  between  3/4-inch 
loop-frequency  and  basal  cover  by  point-quadrat— Harvey  Valley 


Cnor  *5  dc 
jUcL 1 cb 

Open  grassland 

Pine-bunchgrass 

Meadow 

Freq. 

Cover 

Freq. 

Cover 

d  i  as 

Freq. 

Cover 

Riac 
Dido 

Percent 

Percent 

Percent 

All  grasses: 

8.0 

2.9 

2.8 

3.9 

1.0 

3.9 

17.4 

1.7 

10.2 

Thin  bentgrass 

— 

-- 

— — 

-- 

— 

—  — 

3.5 

0.1 

35.0 

Tufted  hairgrass 

4.5 

1 .2 

3.8 

Trlahn  f ocnio 

lUullU     1  CjIUC 

l  a 

O  ft 

l  ft 

1  . 0 

Pill  1  —im  mil  hi  \/ 

rUI  I     U[J  IIIUMIJr 

-- 

-- 

_  _ 

8.0 

0.3 

?fi  fi 

c,U  .  U 

Bottlebrush-squirrel tail 

1.0 

0.5 

2.0 

0.6 

0.3 

2.0 

— 

— 

Western  needlegrass 

5.2 

1.6 

3.3 

2.8 

0.6 

4.6 



All  grasslikes: 

3.0 

1.5 

2.0 

2.9 

1.9 

1.5 

32.3 

2.6 

12.4 

Nebraska  sedge 

11.9 

1.1 

10.8 

Ross  sedge 

3.0 

1.5 

2.0 

2.9 

1.9 

1 .5 

Wire  rush 

—  — 

mm  — 

10.2 

0.5 

20.4 

All  forbs: 

1.0 

0.5 

c .  u 

0.2 

0.2 

l  n 

7.6 

0.5 

15.2 

Pussytoes 

0.5 

0.2 

2.5 

Woolly  mules-ear 

-  - 

0.2 

0.1 

2.0 

All  shrubs: 

Basal 

1.3 

-- 

Crown 

2.2 

0.9 

2.4 

4.9 

3.3 

1.5 

Total  plants  (+  basal  shrub): 

12.0 

4.9 

2.4 

8.3 

3.1 

2.6 

57.3 

4.8 

11.9 

Soil 

56.3 

51.3 

1.1 

14.7 

19.8 

0.7 

9.5 

15.5 

0.6 

Litter 

13.3 

25.0 

0.5 

59.5 

55.2 

1.1 

22.8 

79.5 

0.3 

correlation  analyses  were  made  to  test  the 
relationship  between  loop-frequency  and  herb- 
age production;  15  were  significant  (table  1). 
Seven  of  the  15  correlations  occurred  when 
comparing  the  two  techniques  for  Arizona  fes- 
cue and  mountain  muhly.  However,  there  was 
no  consistent  relationship  from  year  to  year 
over  the  4-year  period  of  measurement.  This 
indicates  evidence  of  year  confounding;  the 
frequency-production  relationship  was  different 
each  year. 

Production  varies  within  and  among  grow- 
ing seasons,  depending  on  climatic  conditions. 
For  example,  a  wet  year  produces  high  yields, 
a  dry  year  produces  low  yields,  yet  loop- 
frequency  of  the  plant  population  may  remain 
essentially  the  same  provided  the  absolute  pop- 
ulation does  not  increase  or  decrease.  If  we  try 
to  estimate  production  from  loop-frequency, 
the  production  estimates  for  both  the  high- 
and  low-yield  years  could  be  similar. 


growth  with  essentially  no  grazing,  one  would 
obtain  an  estimate  of  maximum  foliar  cover. 
In  contrast,  if  an  area  were  sampled  before 
maximum  growth  had  been  obtained,  or  at  any 
stage  of  growth  coupled  with  grazing,  a  dif- 
ferent estimate  of  foliar  cover  would  be  ob- 
tained. Similarly,  variation  in  growing  condi- 
tions from  year  to  year  would  result  in  dif- 
ferences in  foliar  cover.  Loop-frequency,  on 
the  other  hand,  should  change  only  as  an  es- 
tablished plant  is  destroyed  provided  the  point 
of  observation  remains  constant.  Current-year 
grazing  should  have  negligible  effects  upon 
frequency  of  perennial  plants,  because  basal 
and  not  foliar  hits  are  usually  considered  by 
loop-frequency. 

Herbage  Production  versus  Loop-Frequency  .  . . 
Wild  Bill 

One  hundred  seventy-five  linear  regression- 
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Table  4. --Magnitude  and  variability  of  mean 
frequency,  cover,  and  bias  between  3/4-inch 
loop-frequency  and  ocular  foliar  cover  in 
an  alpine  type—Carter  Mountain 


Cnor hoc 

Freq . 

Cover 

tn  a 

Percent 

Percent 

All  grasses: 

10.2 

3.5 

2.9 

Junegrass 

3.6 

0.6 

6.0 

Bluegrass 

5.5 

1.5 

3.6 

All  grasslikes: 

8.4 

2.8 

3.0 

Needle-leaf  sedge 

6.7 

1.4 

4.7 

All  forbs: 

50.7 

31.5 

1.6 

Twinf lower  sandwort 

6.3 

3.3 

1.9 

Alpine  avens 

2.5 

5.3 

0.5 

Whiproot  clover 

12.6 

9.4 

1.3 

Total  plants: 

69.3 

37.8 

1.8 

Figure  3. — Loop-frequency  (X)  versus  density 
(I)  measured  by  plot  frame  for  mountain 
muhly;  two  measurement  periods  —  Manitou. 
(CI  for  3  not  shown) 

1967:  1=17.  7 5+5. 24 58X;  95%  CI(J)=50. 0900+37. 3505;  r=.75** 

6/1969:  1=  7.28+5.9414X;  95%  CI(I)=50. 5000+39. 9837;  r=.86** 


Density  versus  Loop-Frequency. ..Manitou 

Of  the  96  correlations  that  tested  the  rela- 
tionship between  loop-frequency  and  plant  den- 
sity, 26  were  significant  (table  1).  Only  two  oc- 
curred for  one  species,  mountain  muhly,  for 
the  two  measurement  periods  (fig.  3).  However, 
confidence  intervals  showed  no  reliable  rela- 
tionship. 

The  remainder  of  the  significant  correlation 
coefficients  occurred  inconsistently  throughout 
the  data. 

Conclusion 

When  loop-frequency  was  tested  against 
basal  cover  estimated  by  line  intercept,  32  per- 
cent of  the  correlation  coefficients  obtained 
were  significant  (P  =  0.05;  r  >  0.75).  No  sig- 
nificant correlations  were  obtained  when  loop- 
frequency  was  tested  against  either  basal  cover 
estimated  by  point  quadrat,  or  foliar  cover  ob- 
tained by  ocular  estimation.  Testing  loop- 
frequency  against  herbage  production  gave  only 
9  percent  of  the  correlations  as  significant. 
When  loop-frequency  was  compared  to  density, 
27  percent  of  the  correlations  were  significant. 


Linear  regression-correlation  analyses  of 
data  indicated  no  reliable  relationships  between 
loop-frequency  and  the  other  four  plant  com- 
munity vegetation  characteristics  measured. 
This  is  confirmed  by  the  lack  of  consistent 
correlation  coefficients,  lack  of  consistent  con- 
fidence intervals  for  slope,  and  very  wide 
confidence  intervals  for  mean  value  of  Y  be- 
tween measurement  dates,  or  among  specific 
items. 

We  agree  with  others  that  there  is  bias  in 
the  loop  method.  Since  the  3/4-inch  loop  is 
really  a  small  plot  with  area,  it  overrates  most 
plants  and  usually  underrates  soil  surface  fac- 
tors in  an  unpredictable  way  when  compared 
to  cover.  With  a  constant  plot  size,  the  bias 
varies  with  plant  basal  diameter  as  well  as 
other  attributes.  The  bias  generally  decreases 
when  plant  size  increases  and  approaches  unity 
for  large  plants. 

Therefore,  on  the  basis  of  this  work,  no 
apparent  reliable  relationships  existed  between 
loop-frequency  and  techniques  which  are  often 
used  to  measure  various  plant  community 
characteristics.  Three-quarter-inch  loop- 
frequency,  therefore,  should  not  be  used  as  an 
estimate  or  an  index  of  those  characteristics. 


7 


Literature  Cited 

Aberdeen,  J.  E.  C. 

1958.  The  effect  of  quadrat  size,  plant  size, 
and  plant  distribution  on  frequency 
estimates  in  plant  ecology.  Aust.  J.  Bot. 
6:  47-58. 

Brown,  Dorothy. 

1954.  Methods  of  surveying  and  measuring 
vegetation.  Commonw.  Bur.  Pastures 
and  Field  Crops  Bull.  42.  223  p.  Reading, 
England:  Bradley  and  Son,  Ltd. 

Canfield,  R.  H. 

1942.  Sampling  ranges  by  the  line-inter- 
ception method.  U.  S.  Dep.  Agric, 
Forest  Serv.,  Southwest.  Forest  and 
Range  Exp.  Stn.,  Res.  Rep.  4.  28  p. 

Curtis,  J.  T.,  and  R.  P.  Mcintosh. 

1950.  The  interrelations  of  certain  analytic 
and  synthetic  phytosociological  charac- 
ters. Ecology  31:  434-455. 

Greig-Smith,  P. 

1964.  Quantitative  plant  ecology.  Ed.  2, 256 
p.  London:  Butterworths  and  Co.,  Ltd. 

Hutchings,  Selar  S.,  and  Ralph  C.  Holmgren. 

1959.  Interpretation  of  loop-frequency  data 
as  a  measure  of  plant  cover.  Ecology 
40:  668-677. 

Hutchings,  Selar  S.,  and  Charles  P.  Pase. 

1963.  Measurement  of  plant  cover  —  basal, 
crown,  leaf  area.  p.  22-30.  In  Range 
research  methods  —  A  symposium, 
Denver,  Colo.  U.  S.  Dep.  Agric.  Misc. 
Publ.  940. 

Hyder,  D.  N.,  C.  E.  Conrad,  Paul  T.  Tueller, 
and  others. 

1963.  Frequency  sampling  in  sagebrush- 
bunchgrass  vegetation.  Ecology  44: 
740-746. 

 ,  R.  E.  Bement,  E.  E.  Remmenga,  and 

C.  Terwilliger,  Jr. 

1965.  Frequency  sampling  of  blue  grama 
range.  J.  Range  Manage.  18:  90-94. 

Johnston,  A. 

1957.  A  comparison  of  the  line-interception, 
vertical  point-quadrat,  and  loop-methods 
as  used  in  measuring  basal  area  of 
grassland  vegetation.  Can.  J.  Plant  Sci. 
37:  34-42. 

Kinsinger,  Floyd  E.,  Richard  E.  Eckert,  and  Pat 
O.  Currie. 

1960.  A  comparison  of  the  line-intercep- 
tion, variable-plot  and  loop  methods 
as  used  to  measure  shrub-crown  cover. 
J.  Range  Manage.  13:  17-21. 

Klingman,  Dayton  L.,  S.  R.  Miles,  and  G.  O. 
Mott. 

1943.  The  cage  method  for  determining 
consumption  and  yield  of  pasture  herb- 
age. Am.  Soc.  Agron.  J.  35:  739-746. 


Levy,  E.  Bruce,  and  E.  A.  Madden. 

1933.  The  point  method  of  pasture  analysis. 
N.  Z.  J.  Agric.  46:  267-279. 

National  Academy  of  Sciences  —  National  Re- 
search Council. 

1962.  Basic  problems  and  techniques  in 
range  research.  NAS-NRC  Publ.  890. 
341  p.  Wash.,  D.C. 

Oosting,  Henry  J. 

1956.   The  study  of  plant  communities.  Ed. 
2,  440  p.  San  Francisco:  W.  H.  Freeman 
and  Co. 
Parker,  Kenneth  W. 

1950.  Report  on  3-step  method  for  measur- 
ing condition  and  trend  of  forest  ranges. 
U.  S.  Forest  Serv.,  68  p.  Wash.,  D.C. 


1951.  A  method  for  measuring  trend  in 
range  condition  on  national  forest 
ranges.  U.  S.  Forest  Serv.,  26  p.  Wash., 
D.C. 

  and  Robert  W.  Harris. 

1959.  The  3-step  method  for  measuring 
condition  and  trend  of  forest  ranges:  a 
resume  of  its  history,  development,  and 
use.  p.  55-69.  In  Techniques  and  methods 
of  measuring  understory  vegetation  — 
A  symposium  [Tifton,  Ga.,  Oct.  1958] 
Proc.  South  and  Southeast.  Forest  Exp. 
Stns.,  New  Orleans,  La.,  and  Asheville, 
N.  C. 

Pearson,  Henry  A.,  and  Donald  A.Jameson. 
1967.  Relationship  between  timber  and 
cattle  production  on  ponderosa  pine 
range:  The  Wild  Bill  Range.  U.  S.  Forest 
Serv.,  10  p.  Rocky  Mt.  Forest  and  Range 
Exp.  Stn.,  Fort  Collins,  Colo. 
Sharp,  L.  A. 

1954.    Evaluation  of  the  loop-procedure  of 
the  3-step  method  in  the  salt-desert 
shrub  type  of  southern  Idaho.  J.  Range 
Manage.  7:  83-88. 
Smith,  Justin  G. 

1962.   An   appraisal   of   the  loop-transect 
method  for  estimating  root  crown  area 
changes.  J.  Range  Manage.  15:  72-78. 
Smith,  Dwight  R. 

1967.    Effects  of  cattle  grazing  on  a  ponder- 
osa pine-bunchgrass  range  in  Colorado. 
U.  S.  Dep.  Agric.  Tech.  Bull.  1371,  60  p. 
Strasia,  C.  A.,  M.  Thorn,  R.  W.  Rice,  and  D.  R. 
Smith. 

1970.    Grazing  habits,  diet,  and  performance 

of  sheep  on  alpine  ranges.  J.  Range 

Manage.  23:  201-208. 
Strickler,  Gerald  S. 

1961.   A  grid  method  for  obtaining  loop 

readings   on   small   plots.    J.  Range 

Manage.  14:  261-263. 


8 


o  a.  s- 
s-  at  O 
o-cu  fa 

0    .  - 

s-  «  2  5 

•7  2  cy 
a  §  cd  c 

CJ  Si  CO 
CO  *J   O  Qj 

1-5  c  fa  « 

^  CO  "3 

-r2  "  "S 

3  D  CD 
O  73  Jj 
cj  cy  k"  O 

CO  *J  >v[i| 

'C  «  ^ 
Q  9)  S  J 

C/i  co-g^ 

•o        £  • 

s-  ^  r5  *-* 
co  >>  5  i  <M 
r;  U  «  Oio 

3  S^g 
tf  3  -a  • 

co  co  o 

I  o  §  g" 

■3  °  S3  «  3 
£      3  B  ° 

iS 

cj  OS 

3 

CO 


i  I  IB 

£  £  s  « 

O  o,  CO  ^ 

ca  s,  § 

co  wi  g  jS 

S  .22 

3  co 
CT1  3 


CO 
XI 


41 
3 
a* 

'2 
X; 

cj 

CD 


S?  Qi  (h 

%  o  o 


c  o 

3. CO 

p>>'35 

cj  co 
3  J3 

CD 

CD 

£  s 
i.° 

O  s- 


5T*  S   a)  tu 

o  .2  5  u 


E 

<u  _  w  iS 


>a  o  , 

U  *>  3 
01   >i  £ 

CO  CO 

£x6 

CO  tj 

°  o 
ai  xi 
3  co 

.2*  M 


CO 


ft 


CO 


CD 


B  5  « 


oj 


CO 


_  c 

2  |2  . 

>C  £  £  * 

T3  x: 
cd  ft^ 


3  X!  3  a> 


CJ 


CJ 


£  3  co 
>  O  3 
'35  £ 

cd  co 


o 

<°  'S  2 
s  6 


CO  CD  CO 

>>  E  73  ' 


-  &£ 

4>  CO 


co  £?  > 
ft  o 

2  3  •? 


I  s  a. 

<u  ti  c  ■B 

Q) 

Si    CJ    QJ  ^ 

*  3  £  0)  „ 
ftT5  O  TJ  ft 


CO  3 

£  "*  ° 

CO  "O 

2  CO 

-  X!  3 
en  *J  "- 
CJ  *j 


•°  3 


•-H  CO 


cj  "3 
0) 


C3 

6 

3  -o  -g  s 

w  5  3  £ 

CD  *3  CO  co 

CO  CD  <2  -3 

J-,  CJ  .3  3 


O  X5 


CO 

ft '35 
„  3 

Si  o 
CU  T3 

O 

CJ  w 

_  3 

CO  CO 

So, 

X! 

3  3 

CO  O 

^  "I 
-  3 
>>•« 

2  o 

S  si 
0)  o, 

3  ^, 
0"1  co 

£  a»  2 
<*-  CuO  co 

0- S-5 

O  flj  M 

1-  J  X!  CJ 


o 


O  ft  Si 

Si  co  O 

O-O.  fa 

a>   .  - 

Si  CO  CD  R 

2  -°  W  ct5 

ft  Si  -1 

ft  «    ^  O 

w  «  -  5  fa 

s-  (jO 

2  >  - 
o  "" 


■    "O  CD 


1/1  &  w  CP 
i5 

CD 

3  ^ 


o  2  -22 

*    3  CD 


CJ 


u  cj 


CD 
CM) 
3 
CO 


S  r°  « 
C  fa  — 

CO 

c^ 


CJ 

ca 

•-5 

■a  „ 

3  ft_- 

co  _  Q 

^2o 

O  3  ii 

cj  cj  •  O 

co  -u  >lfa 

'C  «  ^ 

O  S  e  id 

—  - 

c/i  co  -a 

— ,  CO  "  > 


3 

X3 

CJ 
CJ 

ft  b 
o 
c 


CJ 


XT. 

CJ  ^ 
C  4) 
> 

4  ° 


cr  s 

cj  o 

ft  s 

o  o 
o 

3  C 

•2  8  § 
o  isb 


3  O 
3  CO 

>.» 

CJ  CO 

3  X! 

CJ 

^xi 

CD 

£  3 

ft° 

O  s- 
O  CJ 
J  > 

o 

CJ 


>>  o  , 

O  «  rj 
CJ   >>  H 

ST  °  o 

£  cj 

®  *3 

-  B 

CD  CO  CO 

Si  3  — 1 

a5  cd  u 

u  ^  4> 

CD   CD  — 

^  3  ° 
CO 


S  C 
O  CO 


CD  CJ 


CD  ™ 


J3  >. 

a  £ 

O  CO 

Si 


ass 


—  o 

CO 

CO  CD 


^  T-1 

ZJ    &    <^  >^ 


3 

CJ 

2,-a 


CO 

v  £ 

CD 

!  x:  s  .2 


•    CD    '  : 
H  CO  00 

T3 
— 

CO 

CJ  iJ  CJ 

3 


-1 


O 

o  ^  <j5  .3 


CJ  OS 

3  ,H 

CO 


2  S 
x:  co 

X3 
X!  c 

«  «  2 

CD  ft 

Si 

3  t*- 

35  o 

2  CD 

s  -  -  - 

CO  CD  CO 

c  +3  ts  a 
8  S  c 

3  4)  co  s- 
ft  4) 

» -is  a  5 

CJ  *-> 
Sj  «  « 
CO  3  r< 

ftT3  53 


o  to 


3 

o 

CJ  X 
3  co 

g"  to 

c  t" 

3  cj 

■G  3 

CJ  to 

"  CD 


3  C 


3  CO 
O  ES 
O 


^  co 
•  Si 
>>  CD 


CD 


CD 
CO 

S-L  CJ 
W)Xi 
CJ  CO 
Si  Si 
Si 
tD 


2S 
IS 

CD  "3 

—  CJ 

CD  •_ 

T3  ft 


cj  ti.  3 
3  O  .3 
3  O  a, 

>  x:  co 

«3S 

to  .3 

Si  \ 

CO  T3 

rt  ^>  to 
CJ  oo 

-  -G  3 

CO 

CD  ^> 

«x^2 
S  c 

•£  "3  X) 

co  oj  3 

»  « 

|: 
si  cd  .3 


O  X2 


CO  £> 

ft '35 
-  3 

Si  CD 

CJ  T3 
> 
O 

CJ  *j 

—  C 

CO  CO 

c^O. 
X! 

-*->  r 
3  3 
CO  O 


'  3 


CD  Q, 
3  ^ 

O"  CD 

£  »  2 

<w  04)  cd 

a«  c 
o  ■£  .5 

O   CD  to 

—  — ;  o 


o 

CD 


O  ft  Si 
Si  co  O 
«<fa  fa 

CD  .  - 
s-  co  cd  H 

ft  Si  ^ 
ft  CD    •  ■ 

cd  x;  >  °" 
.  St  w 

?t  CD 

ague 

CJ  Si  CO 

^  c  fa  s 

3  ft^  3 
rt"2^  m 

=3  P  CD 
03  s- 
CJ  CD  O 
co  *j  >>t, 

Si  3  m 

W  to  3 

T3  to       >)  . 

rj  Cj  CO  O  us 

S  g  "S-tf  g 

s  g  §  a  a 

X!  O  •«  .3 
uJ  u«3 
'r?       3  O 

iS 

3  -1 

CO 


3  O 

3  co 


S  2  s 

8 |S5 

>  CO  3  co  S3 
P  o  tD  -i  CD 
^<  ■£  3  co  3  CD 

2  CD  CT  3  g.X! 

3hX!  CD  o  5 
CT       Si  cj 

'3    -  V 

3  St  ft  Si 

•s  >  §  ° 

9)  O  O 

w  e  3  J 
ft  s-  sj  co 
o.2jo 

CM  C  O 

X!  .  ^  WTX3 
cj  Si  XJ  .ilrt5 
C  CD  _  cd  iS 

■S  >  ft  .4? 

CD  "77?  o 


a  b 
ft° 

O  si 

CD 
> 

o 

CJ 

3 

.-0 


CO 


—  3 


>i  o  , 
3  *"  3 

CD   >>  6 

g,3  S 
co  °  ° 

CD  0 

a  "3  ^ 

CD  -3 

-  3 

CJ  CO  CO 

Si  3  ^ 

Cj   CD  si 
«i  4> 

2  _§  * 
x:  +-> 

^  3  ° 
•  cc  — 

°  5 

CD  X! 

"  3  co 

5*  CD 
O  '3  CD 

3  tJ 
4>  -C  3 


CO 


CO    Si  CJ 


3  CD 


rs 


„  c3 

O  XJ 

'35  -o 


■3  —i  X3 
CD  ftc_, 

Si       ^  CD  „, 

S  o  >,cj  £^ 

CO  CD  CO  Sc< 
S  *>  CO   S-  cj  X? 

CD  «  3  fj  -3  5 
fa  T3  .2  °  B  -2 

CD  "3 

Sr.  cd  +■>  cd 

CO  3  rj  CD  u 
ft-3  t3  T3  ft 


C3 

CJ 

s_ 

CD  . 
3 


«w  CO  .3 


Xi  Si 
*J  CD 

&.S 

2  CD 

s 


co 
C3  41 
2  co 

CD'S    3  CO 

4>  St 

2  3  3  E 

m  2  0  2 

«  to  *  « 

O  Si3  * 

•H   'H     fl)  ^ 

co  co  w  '3 

Si  4)  .3  3 


s-  2 

41  5 

>  co 

O  si 


3  .2 


CO  £• 
ft'co 
,  3 
Si  41 
4)  73 
> 
O 

CJ  *J 

_  C 

CO  JO 

cS  O. 
XI 


3  3 

_C0  O 

CJ 

'  3 
>i-3 

2  o 

3  i« 

CD  O, 
3  ^ 

CJ"  CD 

£  4i  2 

<*-c  CU)  co 
ft  5  3 

i  2  ■ 

!—    —  CJ 


O  ft  Si 
Si  co  O 
O-O,  fa 


CD 

♦5  bfi 

Si  CO 
CD  X2 
ft  u 
ft  CJ 
CJ  X! 


ft 

X! 
fa 


CO 


— 

3  ft 

*o 

^  +-» 

"O  T3 

CJ  CD 

CO  -4-> 

p  CD 

M3  co 
«  CO 


CJ 

to 

^  4> 

«  2° 

CD  3 
Si  CO 

3 

co 


J,   '  3  co 

2  £  b  « 

g  ft  to  ^ 

CD    £,  Cj"  CD 

co  M  c  +* 
■S  5  S  -22 
■S  3  co 

cd  cr  3 
x!  41  o 

Si  CJ 


CJ 


3  O 

>,  35 

cj  co 

3  X! 

CD 

*  CD 


■pi      „  e*i 


3  S-" 

4> 
> 
O 


ft  Si 

o  o 
o 


Qf  Ai 

CD 

£  3 
A  O 


x:  , 


2-  S3  §  jo 


o  .2 


< 
Q 

co 
P 

M 

° 
>>fa 


CO 


O 

CD 


CO  >> 

•S  2 
cj  3 
CD 

Ph  3 

•  CD 

"2  a 

CO  O 
X!  O 

P3 

iS 

CJ 

3  1-1 
CO 


CD  .2 

•S  ?3 
CM  *■>  3 

-  2  M 
Si  X!  .XT 

%  ft" 

-  tJ  CO 
3 

co  O 

X2  S 
41 


S  G 
O  CO 


>>  o  , 

cj  ->-•  g 
Cj  >»  £ 

C?0  O 

° 

£  3 
41  CO  CO 
Si  3  — 1 

°  o<  ft 

aj  4>  u 
s.  ,.  «) 

xi^a 

P  3  ° 
~  3 
O 
CD  X 

3  co 
3*  co 


C3 


CO 


CJ 


CJ 


3 

CD  -3 


3  «i  C 


2  « 


s  ft -2 

CO  oo  o 

3    „  oj 

°  3  3 
•«  en  .3 

3  §  "o 
•3  PS  O 


>»-  £ 

—  to  2 

-3  XJ 
41  ftc_( 


41  CO 


CO  g 


CJ 


CO 
■  Si 

>>2 
■►1  CD 

03  cc: 
_  3  £ 
CO  41  CO 

^E"0  - 


3  2 
o  — 

35-° 


CD 


4>i 


CO  - 
CD  *J  3 
Si  o 
fa  "3  .2 
"  CD  *J 
Si  « 

c3  3 

ftT3 


CD 

£  « 

41 

CD  CO 
S-  Si 
s- 

It 

.S-8 

Es.2 

CJ  "3 
■M  CD 

41  Si 
X)  ft 


ft  3 

2  « 
CJ  J* 

>J3« 

-  2  £ 

tO  .3 

"3  S 


co  -a 

03  m  4) 

2  CD 

co-6  3 

41  *j 

£  >»  o 

e  Xi  e 


SI  3*  2 

CD  ti  co  co 

els; 

«  »i2  3 
Si  41  .3  3 


si  .3 

41  Jj 

>  CO 

0  «- 
cj  w 

1  I 


CO  g> 

ft'co 
„  3 
Si  CJ 
41  "3 

> 
o 

CJ  -tJ 

—  C 

CO  CO 

8  ft 
X! 


3  3 

co  O 

M<  cj 
-  3 

2  ° 

3  si 
cj  a, 

3  ^ 

3*  co 

£  cd  2 

<*i  ClO  cO 

ft  5  £ 

S  2  « 

pi  3  cj 


T3 

Si 

O 

>. 
CD 


j_ 


Common  and  Botanical 


Names  of  Plants  Mentioned 


Grasses 

Bentgrass,  thin 

Bl uegrass 

Fescue,  Arizona 

Fescue,  Idaho 

Grama,  blue 

Hairgrass,  tufted 

Junegrass 

Muhly,  mountain 

Muh ly ,  pu 1 1 -up 

Needlegrass,  western 

Squ i rrel ta i 1 ,  bottlebrush 

Wheatgrass,  crested 

Wheatgrass,  intermediate 

Grass  1 i  kes 

Rush,  wire 
Sedge 

Sedge,  Nebraska 
Sedge,  needle- leaf 
Sedge,  Ross 

Forbs 

Avens ,  alpine 
Clover,  whiproot 
Fleabane 

Fleabane,  trai 1 ing 
Mules -ear,  woolly 
Pussy toes 

Sandwort,  twinf lower 

Shrubs  and  Trees 

Ceanothus,  Fendler 
Pine,  ponderosa 
Sagebrush,  big 
Sagebrush,  fringed 
Sagebrush,  silver 


Agrostis  diegoenis  Vasey. 
Poa  spp.  L. 

Festuoa  arizonioa  Vasey. 
Festuoa  idahoensis  Elmer. 
Bouteloua  gracilis  (H.B.K.)  Lag. 
Deschampsia  oaespitosa  (L.)  Beauv. 
Koeleria  cristata  (L.)  Pers. 
Muhlenbergia  montana  (Nutt.)  Hitchc. 
Muhlenbergia  filiformis  (Thurb.)  Rydb. 
Stipa  oooidentalis  Thurb. 
Sitanion  hystrix  (Nutt.)  J.  G.  Sm. 
Agropyron  oristatum  (L.)  Gaertn. 
Agropyron  intermedium  (Host.)  Beauv. 


Juncus  baltious  Willd. 
Car  ex  spp.  L. 
Carex  nebrasoensis  Dewey 
Car  ex  obtusata  L  i 1 j 
Carex  rossii  Boott. 


Gevm  rossii  R.  Br. 

Tri folium  dasyphyllum  T.  &  G. 

Erigeron  spp.  L. 

Erigeron  flagellaris  A.  Gray 

Wyethia  mollis  Gray 

Antennaria  spp.  Gaertn. 

Arenaria  obtusiloba  (Rydb.)  Fern. 


Ceanothus  fendleri  A.  Gray 
Pinus  ponderosa  Laws . 
Artemisia  tridentata  Nutt. 
Artemisia  frigida  Willd. 
Artemisia  oana  Pursh. 
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